In this experiment we used brown forest soil that has been used in long-term experiments, for 30 years, with increasing doses of introduced nitrogen fertilizer in variants.
determined with difficulty or dependent on the influence of many variables are treated as constant values. Nevertheless, the application of mathematical models requires the determining and measuring of numerous parameters in a longer period of time.
The solution to the problem of determining nitrogen quantities required by plants can be simplified by applying simplified models i.e. the most frequently used simple calculations with an effort to measure as much variables as possible or to evaluate them by measuring (K a j u m o v , 1982, H a r t and G o h , 1980, S t a n f o r d , 1972, 1977, C a r t e r et al., 1974 , N e e d h a m , 1982, S c h a r p p and N e h r a n n , 1978, B o g d a n o v i c , 1985).
In these researches a simplified model was used to determine the required quantities of nitrogen fertilizer for plants. The calculation for this model is simple. However, the determining of parameters on the grounds of which the calculation is made is a complex and difficult research task. To be able to apply it, one must first find a reliable method for determining availability of soil nitrogen and then determine the coefficient of nitrogen utilization from soil for the method found to be reliable. The quantity of soil nitrogen considered available to plants is determined on the basis of the established coefficient of nitrogen utilization from soil. In addition, the proposed model includes one parameter more -the fertilizer, from both the aspect of its utilization and fertilizer influence on the activation of soil nitrogen.
In this research two methods were used for determining the quantities of fertilizer required: the total nitrogen and the easily hydrolyzed nitrogen method, whose reliability in determining nitrogen availability in brown forest soil has been established and the respective results were presented in our research paper also published in this journal (Vol. 48, No. 1).
Material and Methods
In this experiment we used brown forest soil that has been used in long-term experiments, with a certain crop rotation and fertilization system running for 30 years. Experiment variants with increasing doses of nitrogen fertilizer doses were used.
In the paper "Availability of Soil Nitrogen" published herein, the applied methods are described in detail, and this paper presents a continuation of the previous one.
Results and Discussion
From the analytical point of view it is important to establish the reliability of the methods used to determine soil nitrogen availability, and this presents the most elaborate and complex part of the procedure for calculating the required quantities of fertilizer.
Regardless of all the difficulties in establishing the reliability of some method (choice of the methods and parameters for their evaluation, complex analytical procedures and elaborate time required for establishing their reliability), the registered reliability itself is of little significance. It is significant only when used as a basis for evaluating soil nitrogen quantities considered available to plants.
Determining Coefficient of Nitrogen Utilization from Soil
As already presented and established in the paper "Estimation of Soil Nitrogen Availability " the total nitrogen and easily hydrolyzed nitrogen methods can be considered reliable. It has been stated in the paper that the total nitrogen method proved reliable in samples taken in spring (March), and in case of easily hydrolyzed nitrogen method, in those taken in March and October.
Since both the total nitrogen and easily hydrolyzed nitrogen methods proved reliable in early spring (March), the prognosis for the added fertilizer will be given for nitrogen fertilizer quantities for spring dressing, and in case of easily hydrolyzed nitrogen that proved reliable in autumn (October) the calculation will be given for the entire vegetation period.
Total Nitrogen Method
In case of total nitrogen, the coefficient of nitrogen utilization from soil is a known value i.e. nitrogen quantities considered available to plants are known.
When applying this method in prognosing the use of nitrogen fertilizer, the already known coefficient of nitrogen utilization from soil can be applied. Obviously, the conditions in the soil directly determine the coefficient of nitrogen utilization for the method (bottom, average and top values).
In case of total nitrogen, 1% has been taken to be the bottom value for coefficient of nitrogen utilization from soil for brown forest soil, bearing in mind its content, existing unfavorable conditions in the soil regarding the mineralization and nutrition process, and hence the poor fertility of the soil.
According to this calculation, on the grounds of total nitrogen in soil content, one can conclude that the quantities of soil nitrogen considered available to plants in brown forest soil ranged within 44.1-52.2 kg/ha (table 1) . Data regarding total nitrogen can be used in another way, whereby both the establishment of coefficient of nitrogen utilization from soil for conditions in brown forest soil and subsequently the establishment of nitrogen quantities considered available to plants is required.
In our research the percentage of available nitrogen was established on the grounds of calculation as proposed by M i h a i l o v and K n i p e r (1971).
According to these authors, the procedure first requires establishment of the percentage coefficient of nitrogen utilization by applying the formula:
K -presents percentage i.e. coefficient of nitrogen utilization (%) a -presents nitrogen utilization uptake (grain and straw) (kg/ha) b -presents quantity of nitrogen in soil established by applied method (kg/ha)
The coefficients of nitrogen utilization in brown forest soil are presented in The established coefficient concerns both soil and fertilizer nitrogen. In order to determine the percentage of soil nitrogen utilization versus the total nitrogen, it is necessary to know the coefficient of nitrogen utilization from fertilizer.
According to literature, the percentage of nitrogen utilization from fertilizer varies significantly. S a p o z n j i k o v and K r i l o v (1969) applied the coefficient ranging from 50-60% for winter wheat. According to I v o v i c ' s et al. results (1978) , regarding the long-term experiment in Mladenovac where this research has been made, in a ten-year period the coefficient of nitrogen utilization from added fertilizer ranged within the 68.04-87.87%. Contrary to these researches, Z e r a v i c a (1971) quoted coefficient of nitrogen utilization values for fertilizer that ranged from 27.4-49.1%, depending on the dose applied. Such significant variations in the coefficient of nitrogen utilization from fertilizer are the result of various factors, such as: type of soil, applied fertilizer doses, amount of rainfall, and methods applied for calculation of this coefficient (method with isotope 15 N and the difference method).
In order to establish the uptake of nitrogen from soil, in this research we adopted 50% to be the average coefficient of nitrogen utilization from fertilizer (S a p o z n j i k o v and K r i l o v , 1969). This was determined by applying 15 N isotope in micro-field experiments.
By applying 50% as the coefficient of nitrogen utilization from fertilizer, the establishing of the coefficient of nitrogen utilization from soil, according to the content of total nitrogen, is performed by the procedure explained further in the text.
Bearing in mind that in autumn during the sowing of wheat 1/3 of the prescribed dose of nitrogen fertilizer is added i.e. N 1 -20, N 2 -30, N 3 -40 and N 4 -50 kg/ha, already contained in the established total nitrogen, and also bearing in mind the uptake by the grown culture as well as the losses, only quantities used in the spring dressing i.e. N 1 -40, N 2 -60, N 3 -80 and N 4 -100 kg/ha are considered. Since 50% has been adopted as the coefficient of nitrogen utilization from fertilizer, then the uptaken quantity of nitrogen should be reduced by this amount and the quantity of nitrogen utilization by plants from soil ( According to the presented results, ranging from the control experiment variant to the one where the largest quantity of fertilizer was applied, it is characteristic for both coefficients of nitrogen utilization from soil that the quantity of nitrogen in soil considered available to plants was increasing. The differences in the established available soil nitrogen quantities between the field experiment variants were less for the coefficient of nitrogen utilization from soil K z1 than for coefficient K z2 .
From the coefficients used, the coefficient K z2 can be considered more realistic, since the coefficient of nitrogen utilization from fertilizer was used in its determination, whilast for K z1 , the coefficient of nitrogen utilization from fertilizer was not considered.
In our research of brown forest soil we established that the total nitrogen method can be considered reliable for determining availability of soil nitrogen, after which for each field experiment variant the coefficient of nitrogen utilization from soil in relation to total nitrogen was determined. The next question is which of the established soil nitrogen quantities can be used as data for prognosis of fertilizer nitrogen application. Logically, it would be the soil nitrogen quantity established in the experiment control variant, since in all other cases, especially in variants where larger doses of fertilizer nitrogen were applied, the effect of added fertilizer was present. However, a long-term experiment was used in this research lasting for over 30 years. Thus, an unusually low coefficient of nitrogen utilization from soil was established in the control variant of the experiment, i.e. a very small quantity of soil nitrogen that can be used in the final calculation for the prognosed nitrogen fertilizer quantity. This can be considered normal, bearing in mind the length of the experiment and the fact that there had been no fertilizing whatsoever, which in this variant resulted in a major impoverishment of soil regarding nitrogen. Because of this, one can wonder whether the experiment control variant really presents the available soil nitrogen under the same or similar conditions.
Since in all other field experiment variants fertilizer nitrogen was added, and the effect of added fertilizer was present in all of them, the most acceptable quantity of soil nitrogen considered available to plants is the one from the experiment variant in which the lowest dose of nitrogen fertilizer had been applied, i.e. the variant N 1 P 2 K 2 (60 kg/ha), because in this case the added fertilizer had the least influence.
On the grounds of what has been presented so far, one can conclude that in the experimental brown forest soil approximately 53.0 kg N/ha can be considered available to plants, and further calculation for prognosed quantities of nitrogen fertilizer for spring dressing is based on this quantity of soil nitrogen, established on the grounds of total nitrogen content and the coefficient of its utilization, which is 1.06%.
The Easily Hydrolyzed Nitrogen Method
In their system of field experiments T j u r i n and K o n o n o v a established that the coefficient of nitrogen utilization from soil presents 20-30 % of the easily hydrolyzed nitrogen, while in his calculations regarding required nitrogen fertilizer for winter wheat K a j u m o v (1982) used the coefficient 25% of the easily hydrolyzed nitrogen.
In our research, both for the total nitrogen and easily hydrolyzed nitrogen, we considered conditions existing in the brown forest soil. Hence the coefficient of nitrogen utilization that we used was 20%. This presents the bottom value established by Tjurin and Kononova and it is lower than the one used by K a j u m o v (1982). Table 6 presents the easily hydrolyzed nitrogen content, the coefficient of nitrogen utilization from soil in relation to the easily hydrolyzed nitrogen content as well as the soil nitrogen content considered available to plants, which derives from the two former values. The established coefficient concerns both the soil and fertilizer nitrogen. In order to establish the percentage of soil nitrogen utilization versus the easily hydrolyzed nitrogen, it is necessary further in the calculation to consider the coefficient of nitrogen utilization from fertilizer.
The adopted coefficient of nitrogen utilization from fertilizer is 50% and the calculation for this coefficient, for determining the uptaken soil nitrogen through the achieved yield, is presented in table 3.
On the grounds of established quantity of soil nitrogen uptaken by plants, the percentage of uptaken soil nitrogen compared to easily hydrolyzed nitrogen and its values is presented in According to the presented calculation, it can be concluded that the coefficient of nitrogen utilization from soil, from the easily hydrolyzed nitrogen in brown forest soil, is 25.3%. This coefficient is considered corresponding to the coefficient 20.0% (Tjurin and Kononova), since it was established for conditions existing in the experimental brown forest soil, and in its calculation the coefficient of nitrogen utilization from fertilizer was considered. In the experiment variant where the first doses of the nitrogen fertilizer (N 1 P 2 K 2 ) were added, the coefficient of nitrogen utilization was taken for both total nitrogen and for easily hydrolyzed nitrogen. Finally, we can conclude that regardless of the fact that the found coefficients of nitrogen utilization from soil in relation to the total and easily hydrolyzed nitrogen range within the average limits found in literature, the coefficients should nevertheless be established for each new soil and grown culture.
Reliable Method for Determining Coefficient of Nitrogen Utilization From Soil in October
It was established that the easily hydrolyzed nitrogen method is reliable in October, too. As with the total and easily hydrolyzed nitrogen methods that proved reliable in March, this method also required an assessment of soil nitrogen available to plants. The established nitrogen value was further used for the prognosis of nitrogen fertilizer application in the following vegetation season for winter wheat.
The Easily Hydrolyzed Nitrogen Method
Bearing in mind the coefficient of nitrogen utilization from soil that was proposed by Tjurin and Kononova, the calculation for nitrogen quantities available to plants in brown forest soil in October is presented in According to the presented results, in can be concluded that in autumn the quantity of 42.21 kg N/ha can be considered available to plants.
M i h a i l o v and K n i p p e r (1971) proposed another form of this calculation i.e. by applying the quantity of nitrogen uptaken through yield. In our case it would be the yield achieved in the previous year (July). The established coefficient values refer to both the soil and fertilizer nitrogen, and in order to establish the percentage of nitrogen utilization from soil in relation to the easily hydrolyzed nitrogen, the coefficient of nitrogen utilization from fertilizer is considered further in the calculation. As with the previous calculation, the coefficient of nitrogen utilization from fertilizer value was 50.0%. Since the applied nitrogen doses for grown wheat were for N 1 -60, N 2 -90, N 3 -120, and for N 4 -150 kg N/ha, and having in mind that the coefficient of nitrogen utilization from fertilizer is 50.0%, the nitrogen quantity uptaken by plants should be reduced by 30.0 (N 1 ), 45.0 (N 2 ), 60.0 (N 3 ), and 75.0 kg N/ha (N 4 ) in order to establish the quantity of nitrogen uptaken through yield.
In contrast to the calculation used in the spring dressing of wheat, in this case the entire quantity of added nitrogen fertilizer has to be considered, since the calculation for applied fertilizer estimation in October refers to the forthcoming vegetation season, where data from the previous year are used in After establishing soil nitrogen quantities uptaken by plants, one can establish the percentage of soil nitrogen utilized in relation to the easily hydrolyzed nitrogen, and the values are presented in table 12.
Hence, it was established that the coefficient of nitrogen utilization from soil in relation to easily hydrolyzed nitrogen in brown forest soil is 20.35%.
Hastly, one can conclude that by applying both procedures almost identical quantities of nitrogen were found to be available to plants. Therefore, under the same or similar conditions the average coefficient of nitrogen utilization from soil values in relation to easily hydrolyzed nitrogen content, determined by Tjurin and Kononova, can be used. This procedure is simpler since it does not require data on the uptaken quantities of nitrogen in the previous year. It only requires data on the easily hydrolyzed nitrogen content. On the grounds of established soil nitrogen quantities considered available to plants (according to methods proved to be reliable) and on the grounds of the quantities of uptaken nitrogen through prognosed yield as well as the coefficient of nitrogen utilization from fertilizer, it is possible to assess nitrogen fertilizer quantities that need to be added to the soil by applying the following calculation:
where:
N f1 -presents quantities of nitrogen fertilizer for spring dressing (kg/ha) N u -presents plant's need for nitrogen (kg/ha) N m -presents quantities of soil nitrogen that will be uptaken by plants and that can be considered available to plants (kg/ha) E f -presents the coefficient of nitrogen utilization from fertilizer (%) According to this formula, the first element taken into account in the proposed calculation is the plant's need for nitrogen. The plant's need is determined by the uptaken nitrogen quantities, calculated from the quantity of nitrogen utilization by plants for a 1 mc yield and the prognosed yield (mc/ha). The quantities of nitrogen uptaken by plants per yield unit are generally known values. Nevertheless, the planning of a yield is not simple.
The planning of a yield probably presents the weakest link in any proposed calculation of nitrogen fertilizer quantities that need to be added to the soil. Thus, any proposed calculation model can be incorrect. D a n k e and J o h a n s o n (1990) point out that the main problem regarding yield is what yield should be planned, whether an average, low or high. If the nitrogen quantities to be uptaken by the plants are determined on the grounds of a high yield, then the quantities of nitrogen to be added will be higher i.e. the quantities of nitrogen fertilizer should be larger. Such planning of yield has sense only under presumption that the year in which the plants will be grown will be a favorable one, especially regarding the amount and distribution of rainfall. If not so, most of the added fertilizer will not be used, and every model will prove inefficient. The same results will be achieved when planning a lower yield in a year favorable in quantities and distribution of rainfall, since lower yield than possible will be achieved because of the low quantities of added nitrogen fertilizer. On the grounds of all this, it is obvious that the determining of required nitrogen fertilizer quantities mostly presents prognosis or evaluation and not a precise determination.
Planning of yield is only one side of the problem. The other side is related to the planning of yield in relation to the conditions existing in the soil in which the plants are grown. Namely, it is a question whether the so called planned yield can be planned on every soil i.e. whether it is rational to plan a high yield and achieve it by applying high doses of mineral fertilizers on soil that has limited capabilities. A high yield should be treated as a relative matter, since a high yield in brown forest soil is considered low in case of chernozem.
When considering this, one must first of all bear in mind the fact that soil does not present an inert system, and the use of only mineral fertilizers in a longer period and in unfavorable conditions affects it. The complexity of yield planning and determining of nitrogen fertilizers that should be introduced to the soil is best seen in brown forest soil in Mladenovac, where this research was done. Namely, according to the general characteristics of the examined brown forest soil in the beginning of the experiment (1963) this soil had characteristics of a poor loessial soil with low acid reaction (nKCl 5.20) with total nitrogen content of 0.12% and humus content of 2.61% (I v o v i ć et al. 1973). Thirty years later the same soil can be categorized as loessial brown forest soil. According to its pH value, it belongs to the acid or very acid soils (for all experiment variants where the applied nitrogen fertilizer pH in nKCl was below 4.5), the content of total nitrogen is generally 0.11%, and the humus content is below 2.0%. The reduction of pH values and deterioration of general characteristics of the soil were mostly the result of the applied mineral fertilizer doses, as well as the types of fertilizer (only mineral fertilizers being used which do not contain potassium). This example demonstrates that under such and similar conditions one should not plan a yield that requires introduction of significant quantities of nitrogen fertilizer. In case one does, then all required soil protection measures should be provided. This long-term experiment in brown forest soil proved that for a certain period of time a high yield can be achieved. However, after 30 years the former production on this soil would not be possible.
Hastly, one can conclude that the planning of yield is not a simple matter, as usually considered, regardless whether the planning concerns a short period (a vegetation season) or a long period of soil utilization. Namely, the main goal in yield planning, year after year, has to be at least the preservation of the initial soil fertility if not its improvement.
The second element taken into account in the proposed calculation is the nitrogen quantity considered available to plants, according to the method found to be reliable regarding the availability of soil nitrogen. In the entire calculation the determining of this parameter presents the most difficult and elaborate part of the research. However, once its reliability is established it provides application of the method for a longer period of time.
The third element is the coefficient of nitrogen utilization from fertilizers. This value depends on many factors such as: the type of soil, applied fertilizer dose, amount of rainfall, method applied for calculation of this coefficient, types of plants. Since numerous factors have influence, it would be best to determine the values of this coefficient at least for the types of soil. This requires long-term experiments and we propose values 50-60% to be used, generally considered average values.
The effect of added nitrogen fertilizer on soil nitrogen are well -known, whereby the introduction of nitrogen fertilizers to soil increases the uptake of soil nitrogen by plants, and this increases with the increasing quantities of fertilizer applied. Thus, when calculating the required quantities of nitrogen fertilizer for spring dressing it is not sufficient to just consider the coefficient of nitrogen utilization from fertilizer but also the effect that the applied quantity of fertilizer will have on the soil nitrogen. Therefore, further in the calculation the activation effect values should be considered too, which means that when determining the required nitrogen fertilizer quantities for spring dressing the following formula should be applied:
N f2 -presents the quantity of nitrogen fertilizer for spring dressing in spring for prognosed yield (kg/h) N ani -presents the quantity of soil nitrogen that will be activated by the planned fertilizer quantity N f1 -(kg/ha).
Although we did not use isotopically labeled nitrogen, in our research we reached the N ani values and the calculation results are presented in table 14.
T a b. 14. -Calculation for quantities of activated soil nitrogen in relation to the fertilizer introduced to the brown forest soil It was possible to determine the N ani values, since an increasing dose of nitrogen fertilizer, with known values of soil nitrogen uptake, as well as known quantities of fertilizer nitrogen used for spring dressing, were used in this research.
The activation effect values were not determined, as is usually the case, on the grounds of the PK variant, since there was no such variant in the field experiment, nor was it done on the grounds of the control variant, but according to the variant where the least quantities of nitrogen fertilizers had been added (N 1 P 2 K 2 ) and in the final calculation of this research it was treated as the starting point.
The quantities of activated soil nitrogen for every 10 kg N of added fertilizer ranged from 3.74 to 4.69 kg/ha, the average value being 4.52 or approximately 4.5 kg/ha. This means that under the same or similar conditions to those in the experimental brown forest soil the N ani value is 4.5 kg/ha for introduced 10 kg/ha nitrogen fertilizer.
The accuracy of the proposed method was checked in the long-term experiment in Mladenovac, where the research was done. The calculation was made for methods that proved reliable regarding availability of soil nitrogen in spring for spring dressing. The results as well as the proposed calculation are presented in table 15.
The quantities of nitrogen fertilizer for spring dressing applied in the year of this research are presented in column 11 of table 15 and quantities of nitrogen fertilizer that should be applied for spring dressing in the proposed model are presented in column 10 of the same table.
When the quantities of nitrogen fertilizer for spring dressing of wheat are determined according to the proposed model and the total and easily hydrolyzed nitrogen methods are compared with the nitrogen fertilizer quantities actually applied in the field one can conclude that the differences are minimal (table 15) . Thus, in the N 2 P 2 K 2 experiment variant, a 5.63% kg N/ha larger quantity per proposed model was established in relation to the actually added quantity i.e. 9.38% higher. In the N 3 P 2 K 2 variant this quantity was 1.34 kg N/ha less i.e. 1.67%, and in the last experiment variant it was 2.95 kg N/ha, or 2.95% higher.
On the grounds of what has been presented, one can conclude that the proposed model for prognosis for fertilizer nitrogen required for spring dressing is acceptable, and that this calculation once again confirms reliability of the methods applied for evaluating availability of soil nitrogen.
Calculation for Prognosed Quantities of Nitrogen Fertilizer to be Added to the Soil in the Wheat Vegetation Period (During Sowing and for Spring Dressing)
In order to determine the quantity of nitrogen fertilizer that needs to be added to the soil for the whole vegetation period of the winter wheat, we applied the same calculation procedure as for the spring dressing of wheat.
Since it was found that in October the easily hydrolyzed nitrogen method can be considered reliable regarding availability of soil nitrogen, when calculating required quantities of fertilizer nitrogen, the values of available soil nitrogen determined according to this method, were used as a basis for the proposed calculation. The results as well as the calculation procedure are presented in table 16. This calculation was performed in the same way as the calculation for quantities of nitrogen fertilizer that should be added to the soil for spring dressing (table 15) , only in this calculation a lower coefficient of nitrogen utilization from fertilizer was used (43.33%). This coefficient is determined approximately, whereby in the winter period a lower value was used (30%), since in this period the losses are more prominent and for the period spring-summer the coefficient 50% was applied. By knowing the quantities of nitrogen fertilizer applied in the vegetation period of the grown wheat in the year of the research, a 43.33% coefficient of nitrogen utilization from fertilizer was determined.
On the grounds of the results presented in columns 10 and 11 of table 16, one can conclude that there are no significant differences between the determined nitrogen fertilizer quantities in the presented model and the actually applied quantities. The differences range from 0.4-18.95 kgN/ha, which proves accuracy of the proposed calculation for the entire vegetation period for wheat (sowing + spring dressing). This calculation again proved that the applied method can be considered reliable regarding nitrogen availability in the experimental brown forest soil.
C o n c l u s i o n
On the grounds of the presented results, one can conclude:
1. A simplified calculation was applied to determine required quantities of nitrogen fertilizer for wheat in the experimental brown forest soil. Its application requires establishing of the plant's needs for nitrogen, the determining of a reliable method in assessment of soil nitrogen availability, the establishing of the coefficient of nitrogen utilization from soil for the reliable method, knowledge of the coefficient of nitrogen utilization from fertilizer, and knowledge of activated soil nitrogen values for the added quantities of fertilizer.
2. For equal or similar conditions in experimental brown forest soil one can use the 50% coefficient of nitrogen utilization from fertilizer, when calculating for spring dressing, and when calculating required quantities of nitrogen fertilizer for the entire vegetation period, the value of this coefficient is lower i.e. 43.3%.
3. According to the long-term experiment research, one can conclude that the average value of activated soil nitrogen in brown forest soil is 4.5 kg N/ha for added 10 kg N/ha of fertilizer nitrogen.
4. The total and easily hydrolyzed nitrogen methods that were used in the proposed model i.e. in the calculation (spring dressing) that proved reliable, the differences between the quantity of fertilizer nitrogen that should be used according to the proposed model and the actually applied fertilizer quantities in the long-term experiment are minimal and range within 1.34-5.63 kg N/ha. 5. In the easily hydrolyzed nitrogen method used in the proposed calculation for determining quantities of nitrogen fertilizer required for the whole vegetation period of wheat, the differences between the nitrogen quantities that should be applied in sowing and for spring dressing, according to the proposed method and actually applied quantities, are also minimal and range within 0.4-18.95 kg N/ha limits. These results completely confirm the accuracy i.e. the value of the proposed method as well as reliability of the proposed methods for determining soil nitrogen availability.
